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ILLUMINATION DEVICE UTILIZING DISPLACED RADIATION PATTERNS 

FIELD 

The invention relates to light guides for functional or decorative lighting and Hght 
sources having radiation patterns in which the maximum luminous intensity is displaced. 

BACKGROUND 

Light guides can be used to provide functional or decorative lighting. Functional 
Ughting refers to lighting that is used for the purpose of illuminating an object or area to 
make the object or area more conspicuous. Decorative lighting refers to lighting that is 
used for aesthetic purposes. Often, light guides are used for both functional and 
decorative purposes. 

A light source can be used to illuminate one or more light guides such that light is 
transmitted through the light guides via total internal reflection. Light guides may 
provide side lighting, in which light is emitted from the sides of the guides, hi addition, 
light guides may provide end hghting, in which light is emitted from the end of the 
guides. A variety of different extraction techniques using notches or coating, for 
example, can be applied to the Ught guides to cause light to be emitted from the light 
guides in a controlled or random manner. 

Lighting systems that implement light guides generally have a light source that 
illuminates the light guide. For example, incandescent Kght sources, florescent light 
sources, or Ught emitting diodes are often used to illuminate a Ught guide. The Ught 
source may reside in a light source assembly, also referred to as an illuminator. The light 
can be transmitted down the light guide, possibly changing colors or pulsating over time 
to provide the desired ftinctional or decorative effect. 

Light emitting diodes are particularly well suited for illuminating light guides 
because light emitting diodes are point-like light sources. Moreover, Ught emitting 
diodes use less energy than many other Ught source alternatives. Some Ught emitting 
diodes, however, have "batwing" radiation patterns in which the maximum luminous 
intensity of the Ught emitting diodes is angularly displaced. Therefore, conventional 
Ughting systems that utilize Ught emitting diodes often utiUze corrective optics to correct 
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for the angular displacement of the radiation pattern and provide peak radiation intensity 
along a center axis of the light emitting diodes. 

SUMMARY 

5 The invention utiUzes the "batwing" radiation pattern of a light emitting diode to 

effectively illuminate a number of light guides with a single light emitting diode. Each 
light guide is offset from a center axis of the light emitting diode to capture light that is 
annularly displaced. This offset positioning of the light guides allows the light guides to 
effectively capture light from the light emittmg diode where hght intensity is greatest, 
10 In one embodiment, an illumination device includes a light emitting diode that 

emits a radiation pattern, wherein a maximum luminous intensity of the radiation pattern 
O is displaced relative to a center axis of the light emitting diode. The illumination device 
. p may also include a number of light guides positioned to be illuminated by the light 

emitting diode. Each light guide can be positioned at offset locations relative to the 
fy 1 5 center axis of the light emitting diode. For example, each light guide may be positioned 

ff'-z 

n I such that a cross-sectional center of each light guide substantially corresponds to 

locations of the maximum luminous intensity of the radiation pattern of the light emitting 
\| diode. In this manner, a single light emitting diode can be used to illuminate a number of 

;5 light guides in an effective manner. 

Q 20 The illumination device may also include a light guide fixture formed to mate 

with the Hght guides. The light guide fixture can be used to position the light guides at 
the offset locations relative to the center axis of the light emitting diode. For example, 
the light guide fixture may be positioned adjacent the light emitting diode and the light 
guides may be mated with the light guide fixture. In this manner, each Hght guide can be 

25 positioned such that a cross-sectional center of each light guide substantially corresponds 
to a location of the maximum luminous intensity of the radiation pattem of the light 
emitting diode. In some embodiments, the light guide fixture forms a housing that houses 
the light emitting diode. 

In another embodiment, the invention is directed toward a sign. The sign may 

30 include a frame, and a Hght emittuig diode that emits a radiation pattem, wherein a 
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maximum luminous intensity of the radiation pattern is displaced relative to a center axis 
of the light emitting diode. The light emitting diode may be housed within the frame. 
The sign may also include a number of light guides positioned to be illuminated by the 
Ught emitting diode, and each Kght guide can be positioned at an offset location relative 
5 to the center axis of the light emitting diode. The frame can be formed with holes and 
each light guide may protrude through at least one of the holes. 

Li still another embodiment, the invention is directed toward a method. The 
method may include positioning a number of light guides next to a light emitting diode 
that emits a radiation pattern, wherein a maximum luminous intensity of the radiation 
1 0 pattern is displaced relative to a center axis of the Ught emitting diode. Each light guide 
can be positioned at an offset location relative to the center axis of the light emitting 
f 3 diode. The method may also inchide ilhiminating the light guides with the light emitting 

2 diode, hi this manner, the Kght emitting diode can be used to effectively and efficiently 

illuminate a number of light guides, 
fp 15 The invention is capable of providing several advantages. For example, the use of 

J[ : light emitting diodes as opposed to other light sources can reduce power consumption, 

s Moreover, Ught emitting diodes can be more reliable than other light source altematives. 

In addition, Ught emitting diodes generally have longer Ufespans than other light source 
^ altematives. Power can also be saved by ilhiminating a number of light guides with a 

f 3 20 single light emitting diode according to the invention. 

The invention can also produce more uniform lighting in the number of Ught 
guides that are illuminated by the same light emitting diode, hitensity variation between 
different light emitting diodes can be relatively large. Indeed, some light emitting diodes 
are sold at higher costs when the amount of acceptable variation in Ught output between 
25 different Ught emitting diodes is minimized. The invention, however, can utilize the 
same light emitting diode to illuminate a number of light guides in a substantially 
uniform manner. Thus, even the relatively lower cost light emitting diodes can be used to 
illuminate multiple light guides in a substantially imiform manner. 

Another advantage of the invention is the avoidance of corrective optics. As 
30 mentioned above, conventional teaching has viewed angular displacement of peak 
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radiation intensity as a problem requiring the use of corrective optics. The invention, 

however, utiUzes and exploits angular displacement of peak radiation intensity as a 

benefit that improves the way in which a number of light guides are illuminated by the 

same Ught emitting diode. In this manner, the invention can provide both an improved 
5 lighting system, and also a lighting system having fewer optical elements than 

conventional systems that utiKze corrective optics to compensate for the angular 

displacement of peak radiation intensity. 

Still another advantage can be realized by using light guides that provide 

directional side lighting. Each of the light guides that are illuminated by the single light 
1 0 emitting diode can direct light in different directions. This can be especially 

advantageous for use with signs that are positioned for viewing by persons close to the 
C3 sign and other persons far away fi^om the sign. The use of a single Ught emitting diode to 

,Q illuminate two light guides can ensure that the Ught guides are illuminated substantially 

uniformly. The two different light guides may provide directional lighting in different 
fU 15 directions. If used in a sign, for example, the first Ught guide may direct light downward, 
I toward persons close to the sign, and the second light guide may direct light outward, 

toward persons a significant distance fi:om the sign. 
\| Additional details of these and other embodiments are set forth in the 

accompanying drawings and the description below. Other features, objects and 
Q 20 advantages will become apparent fi:om the description and drawings, and fi-om the claims. 

BRffiF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective exploded view of an illumination device according to the 
invention. 

25 FIG. 2 is a side-view of an illumination device as shown in FIG. 1 . 

FIG. 3 is a graph illustrating a typical "batwing" radiation pattern of a Ught 
emitting diode that can be used in accordance with the invention. 

FIG. 4 can be viewed as either a side view or a top view of Ught guides positioned 
relative to a Ught emitting diode. 
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FIGS. 5-8 are cross-sectional views illustrating embodiments wherein the light 
guides are positioned along the peak luminous intensity angle of a light emitting diode. 

FIG. 9 is a top perspective view of light guides illuminated by light emitting 
diodes on both ends. 

5 FIG. 1 0 is a perspective view illustrating an example sign according to the 

invention. 

DETAILED DESCRIPTION 

In general, the invention provides an illumination device for providing effective 
1 0 and efficient lighting. The illumination device can be implemented in any number of 

different appUcations to provide uniform lighting via a number of light guides illuminated 
£3 by the same light emitting diode. The invention utiKzes the "batwing" radiation pattern 
^ of the light emitting diode to facilitate and improve illumination of the number of light 

guides. Each Ught guide is offset fi^om a center axis of the light emitting diode to capture 
ry 1 5 light that is angularly displaced. This offset positioning of the light guides allows the 
I J light guides to effectively capture Ught fi-om the light emitting diode where Ught intensity 

may be greatest. In one particular application, the invention is implemented in a sign, 
vj However, the invention could be used in any application where lighting is desirable. 

^ FIG. 1 is a perspective exploded view of an illumination device 10 according to 

Q 20 the invention. FIG. 2 is a side view of the assembled illumination device 10. 

Illumination device 10 includes a light emitting diode 12 and a number of light guides. A 
first light guide 14 and a second Ught guide 16 are shown for illustrative purposes. 
However, any number of light guides could be used according to the invention. Indeed, 
even a single Ught guide could be used. Suitable light guides, for example, as described 
25 in U.S. Patent 5,845,038 are commercially available from Minnesota Mining and 

Manufacturing Company of St. Paul, Minnesota. Other light guides could also be used, 
including light guides having any particular cross-sectional shape. For example, Ught 
guides having cross-sectional shapes that are square, rectangular, polygonal, circular, or 
any other shape could be used in accordance with the invention. 
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Illumination device 10 may also include a light guide fixture 18 formed with 
holes 20, 22 for mating with light guides 14 and 16. For example, Ught guide fixture 18 
can be used to properly position light guides 14 and 16 relative to light emitting diode 12. 
Illumination device 10 may also include heat sink 24 to dissipate heat away from light 
5 emitting diode 12, and a connector 26 coupled to light emitting diode 12. For example, 
connector 26 may be used to connect light emitting diode 12 to a power supply (not 
shown). Light emittuig diode 12 may reside on plate 13, although the invention is not 
limited in that respect. 

Light emitting diode 12 is a light emitting diode having a "batwing" radiation 
1 0 pattem, in which the maximum luminous intensity of the light emitting diode is angularly 
displaced. Luminous intensity refers to the flux density of light emitted from light 
p emitting diode 12 at a position in space. The radiation pattem of a Ught emitting diode 

describes how the flux is distribxated in space. The radiation pattem can be described by 
H* defining the intensity of the tight emitting diode as a function of angle from the center 
ry 15 axis of the light emitting diode, i.e., an optical axis extending outward from the center of 
Jj J the light emitting diode. A suitable light emitting diode, for example, is the Luxeon™ 

^ Star/C available from LumiLeds of San Jose, Califomia. 

y FIG. 3 is a graph illustrating a typical ''batwing" radiation pattem of a light 

J j emitting diode that can be used in accordance with the invention. The graph shows the 
p 20 relative luminous intensity as a fimction of angular displacement. The graph also 

illustrates where the term "batwing" radiation pattem comes from, i.e. the shape of the 
curve resembles batwings. Consequently, the maximum luminous intensity of light 
emitted from light emitting diode 12 occurs at locations that are offset from the center 
axis. In other words, as shown in FIG. 3, the peaks that define the maximum luminous 
25 intensity occur at a defined angle relative to the center axis. Depending on the particular 
light emitting diode, the maximum luminous intensity may occur at different angles. In 
FIG. 3, the maximum luminous intensity occurs at approximately 40 degrees from the 
center axis. In general, the angle that defines the maximum luminous intensity is referred 
to herein as the peak luminous intensity angle. 
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In many of the exemplary embodiments described below, the maximum luminous 
intensity angle is assumed to be substantially rotationally symmetric around the center 
axis of the light emitting diode. However, the invention may also be implemented with 
light emitting diodes having non-symmetric maximum luminous intensity angles. For 
5 example, light emitting diodes may have a number of different maximum luminous 
intensity angles, or the maximum luminous intensity angle may be different in different 
directions. Li general, however, the invention is most effective for use with light emitting 
diodes having at least one local maximum intensity angle that is off center. 

If the maximum luminous intensity angle is rotationally symmetric around the 
1 0 center axis of the light emitting diode, the angular displacement of the maximum 

luminous intensity can be described as three dimensionally symmetric. In other words, 
13 for a light emitting diode like that graphed in FIG. 3, the maximum luminous intensity 
^1 may occur at every location that is 40 degrees from the center axis. Thus, a three 

^ dimensional graph of the maximum luminous intensity angle would appear cone-shaped, 

ry 1 5 Of course, as you move further away from the light emitting diode, the peak intensity 
^: : also decreases. The maximum luminous intensity along any plane parallel to the Ught 

emitting diode graphed in FIG. 3, however, always occurs at approximately 40 degrees 
C j from center. 

i^I Angularly displaced maximum luminous intensity is conventionally regarded as a 

Q 20 problem. Often, corrective optics are used to correct for this perceived problem. The 
corrective optics typically redistribute the Ught to produce a radiation pattem that has a 
peak at or near the center axis. 

In accordance with the invention, however, the "batwing" radiation pattem or 
angularly displaced maximum luminous intensity is utiUzed and exploited to provide 
25 advantages for an illumination device. In particular, the illumination device may have a 
simpler construction than more conventional illumination devices. For example, one or 
more light guides may be positioned such that the cross-sectional centers of the light 
guides are positioned substantially along the peak luminous intensity angle. This 
construction can allow the Ught guides to effectively capture as much Hght as possible 
30 without the use of corrective optics. 
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Referring again to FIGS. 1 and 2, light guide fixture 18 can be used to position 
light guides 14, 16 such that the cross-sectional centers of the light guides are positioned 
substantially along the peak luminous intensity angle. Light guide fixture 18, for 
example, can be a machined piece of metal or a formed piece of plastic. Light guide 
5 fixture 18 may form an illuminator housing for enclosure of light emitting diode 12, or 
alternatively, may simply be positioned adjacent light emitting diode 12 to provide an 
interface between light guides 14, 16 and the emission side of the Ught emitting diode. 
Altematively, rather than light guide fixture 18, a suitable spacer, clamp, or the like may 
be used to properly position light guides 14, 16 relative to light emitting diode 12. 
10 Importantly, however, the positioning of light guides 14, 16 is at offset locations relative 
to the center axis of light emitting diode 12 so as to take advantage of the peak luminous 
13 intensity angle of light emitting diode 12. 

.'I FIG. 4 can be viewed as either a side view or a top view of light guides positioned 

relative to a light emitting diode. As shown, the positioning of light guides 14, 16 is at 
ry 15 offset locations relative to the center axis 42 of Ught emitting diode 12. As can be 
}i I appreciated by FIG. 4, if light guides 1 4, 1 6 are positioned further away fi-om light 

emitting diode 12, the distance of the centers of the light guides to the center axis 42 
□ increases. In general, the optimal positioning of the light guides, when taking into 

Yi account only the peak luminous intensity angle, can be defined as: 
i 20 X = Ytan(0), 

X defines the distance of the center of the light guide to the center axis 42 of the light 
emitting diode 12, Y defines the distance from the effective point source within light 
emitting diode 12 to a plane defined by the cross-sectional side of the light guide into 
which light is to be transmitted, and O defines the peak luminous intensity angle. Of 
25 course, some slight amount of variation can be tolerated. For example, the cross- 
sectional centers may deviate sHghtly from the peak luminous intensity angle, but that 
would also result in reduced coupling efficiency. 

Referring again to FIG. 4, in one embodiment, light guides 14, 16 have 
cross-sectional diameters of approximately 7 millimeters. Thus, if light guides 14, 16 are 
30 placed directly beside one another such that the side of the Ught guides foUow the center 
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axis 42 of li^t emitting diode 12, and the peak luminous angle O = 40 degrees, then the 
optimal positioning of light guides 14, 16 taking into account only the peak luminous 
intensity angle O would be a distance Y =^ X/tan(0) away from the effective point source 
within light emitting diode 12. In other words Y = 3.5/tan(40) =^4.17 millimeters. 
5 However, as light guides are positioned larger distances from the light emitting 

diode, the flux into any given light guide also decreases, even if the light guide is 
properly positioned along the peak luminous intensity angle. Thus, actual optimal 
performance may be achieved by both minimizing the distance Y and positioning the 
center of the light guides along the peak luminous intensity angle O. In some cases, 
1 0 optimal performance can be achieved by reducing the distance Y at the expense of 

optimal positioning of the centers of the hght guides along the peak luminous intensity 
^ J angle O. In other words, it may be desirable to position the light guides closer to the light 

^5 emitting diode even if doing so causes the centers of the light guides to deviate from the 

peak luminous intensity angle O. For example, if the light guides have relatively large 
15 diameters, positioning them more closely to the Hght emitting diode may cause the 
ry cross-sectional centers of the hght guides to deviate from the peak luminous intensity 
p.. angle. This is acceptable, of course, if it causes more light to be captured by the light 

guides. 

O Any number of Ught guides may be positioned along the peak luminous intensity 

20 angle, or more generally, at offset locations relative to the center axis of the Kght emitting 
diode in accordance with the invention. FIGS. 5-8 are cross-sectional views illustrating 
embodiments wherein the light guides are positioned along the peak luminous intensity 
angle (indicated by the dotted line). FIG. 5 illustrates two light guides, FIG. 6 illustrates 
three light guides, FIG. 7 illustrates four light guides, and FIG. 8 illustrates eight light 
25 guides. As shown, the cross sectional centers of the light guides correspond to the peak 
luminous intensity angle. As described above, optimal performance may actually be 
achieved by minimizing the distance of the light guides from the Ught emitting diode. In 
any case, however, the Ught guides are positioned at offset locations relative to the center 
axis of the light emitting diode. Many other configurations are also contemplated, 
30 including configurations having any number of Ught guides, and configurations in which 
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the light guides are not positioned symmetrically around a peak luminous intensity angle. 
For example^ in FIG. 5, the light guides are illustrated as being on opposite sides of the 
center axis, but could alternatively be individually positioned at any offset location 
relative to the center axis of the light emitting diode. In addition, light guides having 
5 various different cross-sectional diameters could be positioned at offset locations relative 
to a center axis of the same light emitting diode. 

FIG. 9 is a top perspective view of light guides illuminated by light emitting 
diodes on both ends. Illumination device 90 includes a first Hght emitting diode, a 
second light emitting diode, and a number of Ught guides 14, 16. For example, the light 
1 0 emitting diodes may reside on first and second plates 1 3 A, 1 3B, although the invention is 
not limited in that respect. Each of the number of light guides 14, 16 has two ends, and 
Q each end of each of the number of light guides is positioned at offset locations relative to 

^ the center axis of one of the Ught emitting diodes. Again, although illustrated as 
J]: including two light guides 14, 16, an illumination device according to the invention may 

ry 1 5 include any number of light guides positioned at offset locations relative to the center 
JJ ; axis of the light emitting diodes. 

Illumination device 90 may also include first and second heat sinks 24A, 24B to 

Ik? 

^ dissipate heat away from the first and second light emitting diodes. In addition, 

!; j! illumination device 90 may include first and second connectors 26A, 26B coupled 

Q 20 respectively to the first and second light emitting diodes. For example, first and second 
connectors 26A, 26B may be used to connect the light emitting diodes to one or more 
power supplies (not shown). 

First and second light guide fixtures 1 8 A, 1 SB may be used to properly position 
the ends of light guides 14, 16 relative to the light emitting diodes. For example, light 
25 guide fixtures 1 8A, 1 8B can be formed with holes for mating with each respective end of 
Ught guides 14, 16. Using light guide fixtures ISA, 18B, the respective ends of Ught 
guides 14, 16 can be positioned relative to the Ught emitting diodes at offset locations 
relative to a center axis of the light emitting diodes. In this manner, illumination device 
90 can take advantage of the batwing radiation patterns of the light emitting diodes. 
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Because illumination device 90 utilizes a light emitting diode at each end of light 
guides 14, 16, the light guides may be illuminated with greater intensity. In many cases, 
this can improve the visual effect. Importantly, however, the end of each light guide is 
positioned at an offset location relative to a center axis of the respective light emitting 
5 diode so that an angularly displaced peak of the radiation pattern of each light emitting 
diode is captured by each of the Kght guides. 

The use of light emitting diodes according to the invention provides advantages 
over other light sources. In particular, Ught emitting diodes may be generally better 
suited for illumination of light guides than other non-point like light sources. In addition, 
10 the use of light emitting diodes as opposed to filament light sources, incandescent light 
sources, or other light sources can reduce power consumption. Moreover, light emitting 
C3 diodes can be more reliable than other light source akematives, and may have longer 

^1 lifespans that other light source alternatives, 

J" The invention may also provide advantages by illuminating a number of Ught 

m 1 5 guides with a light emitting diode. The invention may avoid the use of costly connectors 
I or splitters often used in more conventional light guide bundles. Indeed, the need to 

bundle light guides to provide lighting via a single illuminator can be avoided altogether. 
Rather, each of a number of light guides may be individually positioned relative to a light 
emitting diode using a simple light guide fixture formed to mate with the light guides in a 
O 20 manner that properly positions the Kght guides. 

The invention can also produce more uniform lighting by illuminating a number 
of light guides with the same illuminator or illuminators. Intensity variation between 
different light emitting diodes can be relatively large. Indeed, some light emitting diodes 
are sold at higher costs when the amount of acceptable variation in light output between 
25 different Ught emitting diodes is minimized. The invention, however, can utilize the 
same light emitting diode(s) to illuminate a number of light guides in a substantiaUy 
uniform manner. Thus, even the relatively lower cost light emitting diodes can be used to 
illuminate multiple Ught guides substantiaUy uniformly. 

The invention may also avoid the use of corrective optics. Because conventional 
30 teaching has viewed angular displacement of peak radiation intensity as a problem, 
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corrective optics have been developed to fix this perceived problem. These corrective 
optics typically redistribute the light of an angularly displaced radiation pattern to provide 
a radiation pattern that has a peak at or near the center axis of the light emitting diode. 
Because the invention effectively utilizes the angularly displaced radiation pattern, 
5 however, the invention may avoid the need for corrective optics. 

The invention can be used wherever lighting is desirable. One particular 
exemplary application of the invention is in a sign. FIG. 10 illustrates one example sign 
100. Sign 100 utilizes illumination device 90 as illustrated in FIG. 9. For example, sign 
100 may be formed with holes 102 A, 102B through which Ught guides 14, 16 protrude. 
10 The light emitting diodes residing on plates 13 A, 13B (FIG. 9), the light guide fixtures 
18A, 18B, the first and second heat sinks 24A, 24B, and the first and second connectors 

P 26 A, 26B may be housed within fi-ame 1 04 of sign 1 00. Some embodiments may utilize 

a number of illuminator devices like illumination device 90 of FIG. 9. For example, a 

H sign may utiUze a number of illuminator devices, each having a pair of light guides like 

K 15 light guides 14, 16. 

g I Light guides 14, 16 may include notches, coating, or the like to provide 

? directional side Ughting. In some embodiments, Ught guide 14 can direct light in a 

* J different direction than light guide 1 6. In other words, the two different light guides may 
W provide directional lighting in different directions. For example, light guide 16 may 
p 20 direct light downward, toward persons close to sign 100, and Ught guide 14 may direct 
Ught outward, toward persons a significant distance from sign 1 00. This can be 
particularly usefiil for signs used in retail store checkout lanes. For example, Ught guide 
16 may need to be more conspicuous to persons close to the sign, such as customers 
wondering whether the particular checkout lane associated with sign 100 is open. Light 
25 guide 14 may need to be more conspicuous to persons far away from the sign, such as 
managers needing to be notified of a problem in the checkout lane associated with sign 
100. In still other embodiments, the first light guide and the second Ught guide may 
provide different colors of light, e.g., via the use of one or more filters or different 
filtering material within the respective Ught guides or coated on the respective light 
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guides. Alternatively, if more than one illumination device having a pair of light guides 
is used, the different illumination devices may provide lighting with different colors. 

In accordance with the invention, light guides can be properly positioned and then 
illuminated. Properly positioning the light guides according to the invention can improve 
5 the visual effect. For example, as described above, the light guides can be positioned at 
offset locations relative to a center axis of a Hght emitting diode so that the light guides 
capture angularly displaced light at or near the peak luminous intensity angle. In one 
embodiment, the light guides are positioned such that the cross-sectional centers of the 
Ught guides substantially correspond to locations of the maximum luminous intensity of 
10 the radiation pattern of the light emitting diode. In other embodiments, however, the 

distance of the Hght guides to the light emitting diode is substantially minimized. In that 
p case, the cross-sectional centers of the light guides may deviate slightly from the location 

^ of the maximum luminous intensity of the radiation pattern of the light emitting diode. 

1^ Importantly, however, the light guides are positioned at offset locations relative to the 

m 1 5 center axis of the light emitting diode. This can ensure that the Ught guides capture as 

J much light as possible, which can in turn enhance the visual effect. 

^ Many implementations and embodiments of the invention have been described. 

; J For instance, an illumination device that includes light guides illuminated by a light 

W emitting diode in a maimer that takes advantage of radiation pattems having angularly 
p 20 displaced maximum luminous intensity have been described for use in any lighting 

system. Nevertheless, it is understood that various modifications can be made without 
departing from the spirit and scope of the invention. For example, the invention may be 
used in any application where lighting is desirable, including such applications as 
ftinctional or decorative lighting for buildings, water fountains, instrument panels of 
25 vehicles, aircrafts or watercrafts, Christmas tree decorations, isle lighting for theaters or 
the like, neon-like light guide signs, turn-signals or brake lights on vehicles or any other 
application where lighting is desirable. Accordingly, other implementations and 
embodiments are within the scope of the following claims. 

30 
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